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© Antistatic plastic materials containing epihalohydrin polymers. 

© Thermoplastic and thermoset materials contain- 
ing an effective amount of an antistatic agent for 
improving antistatic properties thereof, the antistatic 
agent is selected from homopolymers and 
copolymers of an epihalohydrin. 
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ANTISTATIC PU\ST1C MATERIALS CONTAINING EPIHALOHYDRIN POLYMERS 



BACKGROUND OF THE INVENTION 

When formed into such articles as molded ob- 
jects or films, synthetic polymers are known to 
generate and accumulate electrostatic charges. 
When charged, such objects tend to accumulate 
concentrations of dirt and soil which are unsightly 
in appearance and interfere with the use of such 
objects. When nylon or polyester polymers are 
formed into fibers, the electrostatic charges create 
processing problems whereas in consumer use, 
carpeting made from such synthetic fibers has a 
tendency to generate annoying shocks in cold, dry 
weather, while in apparel, the charged fabric clings 
embarassingly to the wearer and shocks the wearer 
when the garment is being removed. Furthermore, 
such garments have an increased tendency to at- 
tract lint and soil. 

The problem of electrostatic charge and arcing 
that it can create, is also of great concern in clean 
rooms, such as hospital surgery rooms, as well as 
chemical plants and laboratories, and electronic 
equipment in particular. Arcing due to an electro- 
static charge can cause an explosion or can dam- 
age electronic equipment. 

To overcome the static electricity problem, 
topical antistats have been used to eliminate the 
electrical charges, however, such treatments have 
proven to be of little benefit in the consumer ap- 
plications due to lack of permanency. Other meth- 
ods used to reduce the electrostatic charges in- 
cluded copolymerization of monomers containing 
ionizable groups, surface grafted polymerization of 
antistatic monomers, inclusion of metallic fibers or 
carbon-coated filaments, incorporation of an an- 
tistatic additive in the matrix polymer, and the like. 

The prior art is replete with teachings to reduce 
antistatic charges in various polymeric structures. 
Certain prior art patents describe the incorporation 
of antistatic materials in various polymeric struc- 
tures which are used to mold or extrude rigid 
objects such as luggage, protective covers, and 
automobile parts. There is also a vast body of prior 
art patent literature directed to the elimination of 
the static charges in fiber and films. 

After doing the work described herein, several 
written items came to our attention which, in part, 
were relevant to our work. Item #1 is Invention 
Record No. 2903 dated April 4. 1967. of A. C. 
Sancineto that describes molding of a 50-50 blend 
of an Abson material, a terpoiymer of ac- 
rylonitrile. butadiene, and styrene (ABS resin), with 
Hydrin ® 100 polymer, a homopolymer of epich- 
iorohydrin. The materials were compatible and 



were easily molded. The notched Izod of the ABS 
plastic alone was 2.6J'cm of notch whereas that of 
the blend was 7.6J/cm. Suggestion was made to 
vary amount of the ingredients in an attempt to 

5 develop a material to compete with Marten's super 
impact Cycolac material. 

Item #2 is a report dated July 23. 1970 by R.J. 
Meyer and C.V. Purks entitled "Evaluation of 
Hydrin as a Rigid PVC Additive". This report dis- 

io closes that Max Roha, then an employee of The 

B. F.Goodrich Company, on a trip to Europe was 
informed that Wacker Chemie GMBH in West Ger- 
many was adding Herclor® C resin to rigid 
PVC to improve impact strength and to impart 

75 antistat characteristics. Herclor C is similar to 
Hydrin 200, i.e., a copolymer of epichlorohydrin 
and ethylene oxide in the weight ratio of about 60- 
70/40-30. This report discusses results of tests 
conducted on the use of Hydrin 100. a homo- 

20 polymer of epichlorohydrin, and Hydrin 200, a 
copolymer of epichlorohydrin. This report made the 
following conclusions: 

(a) antistatic characteristics resulted from the 
25 separate addition of 8 or more parts of each 

Hydrin 200 and Herclor C to rigid PVC: 

(b) Hydrin 100 failed to impart antistatic 
characteristics to rigid PVC at levels of up to 

30 12 pphr. 

(c) thermal stability of rigid PVC compounds 
containing up to 12 pphr Hydrin 100 and 
Hydrin 200 is adequate. Herclor C reduces 

35 thermal stability. 

(d) impact strength development with Hydrin 
was inadequate. 

Item #3 is an inter-office memo dated February 
40 2. 1971 from J. T. Oetzel to N.G.Duke and 

C. E.Reming entitled "Hydrin 200 as a PVC-An- 
tistat." This memo summarizes meetings and 
phone conversations made with people in PVC 
product groups and generally discusses certain 

45 applications and the need for antistatic property in 
PVC products. 

Hem #4 is also an inter-office, memo dated 
February 2. 1967 from J.T.Oetzel to N.G.Duke and 
C.E.Fleming entitled "Hydrin 200 as an Antistatic 

so Agent for Carpeting Fibers." This memo states that 
Hydrin 200 will be evaluated as an antistatic agent 
for Nylon 66 and other carpet fiber materials, and 
that the Hydrin- material will be mixed with the resin 
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and basic properties along with antistatic char- 
acteristics will be checked. C. Purks was to do this 
work. This ..memo also states that an invention 
record had been submitted. 

We were not aware of any of the prior work 
noted above when we started working on the sub- 
ject matter disclosed and claimed herein. Further- 
more, we did not find the invention record referred 
to by J.T.Oetzel in his February 2 memo to 
Messrs. Duke and Fleming. 

More recently, certain technical literature was 
mailed with our knowledge to Hydrin polymer cus- 
tomers. This literature, which is denoted as items 
#5 and #6 herein, was mailed to the customers in 
about the first or second quarter of 1984. Item #5 is 
entitled "Hydrin Rubber As A Flexible PVC An- 
tistat" whereas item #6 is entitled "Hydrin Rubber 
As A Rigid Vinyl Antistat". Both of these items 
report test data on rigid and flexible PVC contain- 
ing varying amounts of Hydrin materials along with 
physical properties, including static electrical tests. 

SUMMARY OF THE INVENTION 

This invention is directed to plastic materials, 
which include thermoplastics and thermosets, con- 
taining an effective amount of an epihalohydrin- 
containing polymer as an antistat agent. Examples 
of thermoplastic materials include polymers of ac- 
rylonitrile, butadiene, and styrene. also known as 
ABS polymers; polyamides or nylons; polyesters; 
polyvinyl chloride; chlorinated polyvinyl chloride; 
and polycarbonates. Examples of thermosetting 
materials include epoxy and phenolic resins. The 
plastic materials contain 1 to 50 weight parts of an 
epihalohydrin polymer antistatic agent per 100 
weight parts of the plastic material. 

DETAILED DESCRIPTION OF THE INVENTION 

The deleterious effects of electrostatic charge 
is reduced or eliminated by inclusion in . a plastic 
material an epihalohydrin antistatic agent selected 
from epihalohydrin homopolymers and epi- 
halohydrin copolymers. An effective amount of the 
antistatic agent is used in the plastic material to 
induce charge dissipation by at least 50% in less 
than 10 seconds on application of 1000 volts of 
direct current at 23.5°C and 50% RH. More specifi- 
cally, the electrostatic agent can be used in amount 
of 1 to 50 weight parts, preferably 2 to 30 weight 
parts, per 100 weight parts of the plastic material. 

The antistatic agent can be in liquid or solid 
form. When in liquid form, it can be blended with 
the solid plastic material by mixing the two materi- 
als together until the plastic material absorbs the 



liquid antistatic agent. When the antistatic agent is 
in a. solid form, such as powder, it is mixed with the 
plastic material until it is uniformly distributed 
throughout the plastic material. It should be appar- 
5 ent that the antistatic agent becomes an integral 
part of the plastic material after it is molded, how- 
ever, it can also be used as a surface treatment 
therefor. 

The Dreyfuss U.S. patents 3,850,856 and 

70 3,850,857 disclose commercially available liquid 
epihalohydrin polymers prepared by cationic ring- 
opening polymerization. The epihalohydrin poly- 
mers disclosed in these patents can be used as 
antistatic agents in the manner described herein. 

75 The '857 Dreyfus patent discloses a process for 
polymerizing an epihalohydrin using as a catalyst a 
trialkyloxonium salt of an HMF, acid where M is a 
Group V element selected from phosphorous, ar- 
senic, and antimony. The '856 Dreyfuss patent 

20 discloses an improvement over the '857 patent 
wherein polymerization of an epihalohydrin is car- 
ried out in the presence of water or ethylene gly- 
col. The resulting polymers of an epihalohydrin 
prepared pursuant to the Dreyfuss patent '856 have 

25 hydroxyl termination. Any of the other alkylene 
glycols can also provide hydroxyl termination. 

The liquid antistatic agents referred to herein 
have Brookfield viscosity below 16,000,000 cps at 
25 °C. More specifically, such liquid polymers or 

30 antistatic agents have viscosity measured at 25 °C 
in the range of 100 to 10,000,000 cps, preferably 
200 to £000,000 cps and have number average 
molecular weight of 200 to 30,000, preferably 300 
to 15,000. as determined by gel permeation 

35 chromatography using polystyrene as the calibra- 
tion standard. 

Solid epihalohydrin polymers are also well 
known commercial elastomers which can also be 
used as antistatic agents. A particularly useful class 

ao of these materials are copolymers of an epi- 
halohydrin and an alkylene oxide. These 
copolymers are readily prepared by polymerization 
in mass or solution with catalysts normally formed 
by reacting an organoaiuminum compound with 

45 water, and optionally, with a small amount of a 
chelating agent. These copolymers normally have a 
number average molecular weight greater than 
about 30,000, preferably in excess of 60,000. as 
determined by gel permeation chromatography. 

50 The Oetzel U.S. patent 4,251,648 describes such 
solid polymers of epihalohydrin also containing an 
unsaturated epoxy comonomer which makes it pos- 
sible to cure such copolymers with an organic 
peroxide. 
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The epihalohydrin monomers useful in prepar- 
ing polymeric epihalohydrin antistatic agents of this 
invention include epichlorohydrin, epibromohydrin, 
epiiodohydrin, and epifluorohydrin, although eipch- 
lorohydrin is preferred. The antistatic agents in- 
clude the epihalohydrin homopolymers and 
copolymers thereof with one or more comonomers 
selected from 1,2-epoxide monomers, particularly 
alky! glycidyl ethers and alkylene oxides of 2 to 6 
carbon atoms, particularly ethylene oxide and pro- 
pylene oxide. In these copolymers, amount of an 
epihalohydrin can vary from about 5 to 95 weight 
parts whereas one or more of the comonomers are 
used in an amount of 95 to 5 weight parts. Particu- 
larly preferred copolymers are solid, as in powder 
form, consisting of 5 to 95 weight parts epi- 
halohydrin, preferably 10 to 60 weight parts, with 
95 to 5 weight parts, preferably 90 to 40 weight 
parts, of one or more comonomers. such as eth- 
ylene oxide or propylene oxide, all on the basis of 
a total of 100 weight parts. The presence of an 
epihalohydrin in the antistatic agent appears to 
improve compatibility between the antistatic agent 
and the plastic material with which it is blended. 

Other antistatic agents can also be included in 
the plastic compositions, along with the antistatic 
agents already described. Some examples of such 
other antistatic agents include long chain and 
ethoxylated amines and amides, and qua/ternary 
ammonium salts. 

The plastic materials are generally divided into 
thermoplastics and thermosets. This invention is 
generally directed to imparting antistatic character 
to plastic materials, including engineering plastics. 
Thermosetting resins are those in which a heat- 
stable crosslinked polymer network extends 
throughout the finished fabricated article. This is in 
contrast to thermoplastics, which can be made to 
soften and flow by the application of heat 

As aiready noted, the plastic materials can be 
modified with an antistatic agent in order to impart 
antistatic character thereto. Whether the antistatic 
agent is liquid or in solid form, the object of the 
invention herein is attained by mixing the antistatic 
agent with a suitable plastic material until the ma- 
terials are uniformly dispersed. Examples of- suit- 
able thermoplastic materials include ABS polymers, 
polyvinyl chloride, chlorinated polyvinyl chloride, 
nylons and polyamides. polycarbonates, and poly- 
esters. Examples of thermosetting materials include 
epoxies and phenolics. 

Acrylonitrile-butadiene-styrene (ABS) resins 
have a wide variety of compositions, preparation 
conditions, and properties. The resins are typically 
tough and rigid, easy to extrude or mold, and have 
good abrasion resistance. They can be blended 



with other resins, especially with poly(vinyl chlo- 
ride), and can be shaped by almost any plastics- 
fabrication process: injection molding, extrusion, or 
thermoforming. They are used in many automotive, 
5 marine and communication applications. In building 
products, they are used for pipes, ducts, and struc- 
tural foam. 

Proportions of monomers normally used to 
make ABS resins are about 40 to 90% of combined 

70 acrylonitriie and styrene. with about 60 to 10 parts 
of butadiene. The amount of acrylonitrite is prefer- 
ably from about 10. to 60% by weight Blends of 
ABS resins with other polymers such as vinyl chlo- 
ride polymers, styrene polymers, methyl 

75 methacrylate polymers, polyurethanes, polycar- 
bonates, and the like may also be used. Any ABS 
compound that can be extruded or molded can be 
used in accordance with this invention. 

Vinyl chloride polymers are produced in two 

20 main types, homopolymers and copolymers, usu- 
ally with vinyl acetate or one or more other poly- 
merizable olefinic monomers having at least one 
terminal CH, = C< group. Both types can be plasti- 
cized by a wide variety of plasticizers, usually 

25 esters. Rigid or unplasticized PVC is used exten- 
sively for pipe. 

The plasticized material is used largely in floor 
coverings. The homopolymer itself is inherently fire 
resistant, but addition of plasticizers, unless they 

30 are especially fire resistant considerably reduces 
this characteristic. 

Rigid polyvinyl chloride is a low cost thermo- 
plastic material having in combination, good impact 
strength, good mbldability, low weight and resis- 
ts tance to combustion, corrosion and attack by acids. 
For these reasons, it has found wide application in 
products such as building panels, pipes, pipe fit- 
tings, ducts, blown bottles and the like, which are 
made from rigid vinyl polymer compounds by ex- 

40 trusion. calendering or molding. To make polyvinyl 
chloride suitable for fabrication by these methods, 
it is necessary to add to it one or more stabilizers, 
lubricants, pigments and polymer modifiers. 

The chlorinated polyvinyl chloride employed in 

45 the present invention can be readily prepared by 
the post-chlorination of commercially available 
polyvinyl chloride. Prior to post-chlorination, the 
polyvinyl chloride generally has a chlorine content 
of about 56.7% by weight a glass transition tem- 

50 perature of from about 75° to 80° C, and a density 
of about 1.40 grams per cubic centimeter. Poly- 
vinyl chloride can be post-chlorinated by a number 
of procedures including chloririation in a solution; 
chlorination in an aqueous suspension, or a sus- 

55 pension in a swelling agent: and direct chlorination 
of dry. polyvinyl chloride powder. 



4 



7 



0 201 097 



8 



Chlorinated polyvinyl chloride is generally de- 
fined as having a minimum chlorine content of at 
least 60% by weight, and for practical purposes, a 
maximum chlorine content of about 75%. In a 
preferred embodiment, chlorinated polyvinyl chlo- 
ride has a chlorine content of about 64 to 73%. 

The glass transition temperature (Tg) is that 
temperature below which a polymer remains hard 
and glassy as opposed to soft and rubbery. The 
glass transition temperature of chlorinated polyvinyl 
chloride increases with increasing chlorine content. 
Polyvinyl chloride itself has a glass transition tem- 
perature of about 75°-80°C, while typical glass 
transition temperatures for chlorinated polyvinyl 
chloride suitable for the present invention are about 
87° C for 60% chlorine content, about 106°C for 
64% chlorine content about 128°C for 68% chlo- 
rine content, and about 178°C for 75% chlorine 
content. 

Chlorinated polyvinyl chloride can be a homo- 
polymer or a copolymer thereof with a minor 
amount of one or more copolymerizable mon- 
omers. Generally, up to about 20% by weight of 
the vinyl chloride can be replaced by one or more 
of copolymerizable monomers, such as mon- 
oolefinic copolymerizable monomers. 

Nylon is a generic name for any long-chain, 
synthetic, polymeric amides in which recurring 
amide groups are integral with the main polymer 
chain. There is a wide choice of starting materials 
from which polyamides can be synthesized. The 
two primary 30 mechanisms for polyamide manu- 
facture are condensation of' a diamine and a 
dibasic acid, or their equivalents, or polymerization 
of cyclic monomers. 

Polycarbonates are a special class of polyes- 
ters derived from the reaction of carbonic acid 
derivatives with aromatic, aliphatic, or mixed diols. 
They can be produced by reacting phosgene with 
a diol in the presence of an appropriate hydrogen 
chloride acceptor, or by melt transesterification re- 
action of a diol and a carbonate ester. The three 
dihydrobenzenes. i.e., hydroquinone, resorcinol, 
and catechol, can react with phosgene in pyridine. 
Hydroquinone and resorcinol yield polymers 
whereas catechol produces a cyclic carbonate. 
Diethylene glycol chloroformate can be reacted 
with ally I alcohol to yield a polycarbonate that is 
highly crosslinked, colorless, scratch-resistant and 
transparent which is used in optical applications. 
Aromatic polycarbonates are highly stable to heat, 
are mechanically tough, transparent engineering 
thermoplastics. 



Polycarbonates are frequently employed as . 
lightweight, break-resistant glass substitutes in 
light-transmission applications. An example of such 
an application is transparent canopies for high- 
5 speed aircraft. The high impact strength combined 
with transparency and high flexural strength, make 
polycarbonate sheet a candidate for bullet-resistant 
glazing. 

Thermoplastic polyesters are condensation 

to products that are characterized by many ester link- 
ages distributed along the polymer backbone. The 
first of this class to be commercialized was poly- 
ethylene terephthalate). It was introduced in 1 953 
as a textile fiber and soon thereafter in film form. In 

75 1966. the first injection-molding grades of poly- 
ethylene terephthalate) were introduced, but recent 
injection-molding grades of modified poly(ethylene 
terephthalate) show improvements over the earlier 
materials. Poly(butylene terephthalate). also is re- 

20 ferred to as poly(tetramethylene terephthalate). was 
first introduced commercially in 1970. Early 
injection-molding grades included nonreinforced. 
glass-reinforced, and flame-retard ant products. It is 
characterized by excellent mold flow and short 

25 molding cycles with excellent chemical resistance 
and performance at elevated temperature. 

. Thermoset polyesters are macromolecules with 
polyester backbones derived from the interaction of 
unsaturated acids or anhydrides and polyhydric 

30 alcohols. The reaction normally proceeds at 190- 
220 °C until a predetermined acid value-viscosity 
relationship has been achieved. Solutions of these 
polymers in vinyl monomers, such as styrene, of- 
ten are called polyester resins. They are com- 
as pounded with fillers or fibers, or both, in the liquid 
stage and then are cured with the aid of free- 
radical initiators to yield thermoset articles. Market 
penetration, especially in the area of fiber-glass 
reinforcement, is greatly enhanced as a result of 

40 greater latitudes in compounding and processing 
than is possible with other polymeric systems. 
Thermoset polyesters can be mass-cast, laminated, 
molded, pultruded, and made into gel coats in a 
variety of colors. Depending on the application, the 

45 physical and chemical properties of the product 
often can be met by judicious choice of polyester 
backbone ingredients and the type and amount of 
the diluent vinyl monomer. 

The epoxy resins are thermosetting polyethers 

so which can be made by condensing - an epi- 
halohydrin. particularly epichlorohydrin. with a poly- 
hydric phenol in the presence of an alkali. The 
phenol can be diphenylolpropane or bisphenol A. 
An excess of an epihalohydrin is used to insure the 

55 presence of epoxide groups on the ends of the 
polymer chains. 
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The epoxy resins have limited application in 
the uncured state. Curing reactions involve the 
hydrdxyl groups along the chain and the epoxy end 
groups. Curing agents include thermosetting resins 
with methylol groups present, fatty acids or acid 5 
anhydrides, and amines or other nitrogen com- 
pounds. Amines are the preferred curing agents. 
The cured resins have good flexibility, adhesion, 
and chemical resistance. 

The chief commercial use of the epoxide resins 70 
is in surface coatings. They can be combined with 
phenolic resins for use in the internal coating of 
food cans or in ware enamels, or with urea resins 
to give white enamels. Other uses of the epoxy 
resins include casting or potting resins for embed- 75 
ding electrical components, low pressure laminates, 
usually with glass fibers, adhesives, and stabilizers 
for vinyl resins. 

Phenolic thermosetting resins have been 
known for a long time. Phenols react with al- 20 
dehydes to give condensation products if there are 
free positions on the benzene ring ortho and para 
to the hydroxyl group. Formaldehyde is by far the 
most reactive aldehyde and is used almost exclu- 
sively in commercial production. The reaction is 25 
always catalyzed either by acids or bases. The 
nature of the product is greatly dependent on the 
type of catalysts used. Urea-formaldehyde and 
melamine-formaldehyde resins are also included in 
this category. 30 



The first products of the alkali-catalyzed reac- 
tion between a phenol and formaldehyde are 
known as resoles. If all three of the ortho and para 
positions in the phenol are free to react, crosslin- 
ked materials are quickly formed. The reactions are 
normally separated into three known phases of A- 
stage. B-stage. and C-stage. In the final stage of 
reaction or the C-stage. a great deal of crosslinking 
takes place and the resin becomes insoluble and 
infusible. 

Phenolic resins are widely used as adhesives, 
for low pressure laminating, in varnishes, and in 
coatings. 

Many of plastic materials described above are 
commercial and are readily available. They can be 
modified by incorporating therein an effective 
amount of an antistatic agent in order to impart 
thereto antistatic character, as well as other con- 
ventional additives. Such modified plastic materials 
can then be used to make a great variety of articles 
such as carpeting, luggage, protective covers, auto- 
mobile parts, and the like. 

In preparing samples for testing in examples 
that follow, a Brabender mixer with a cam head 
was used. The maximum temperature used for the 
various plastic materials was as follows: 



ABS - 
PVC - 
CPVC - 
SAN ® - 



180°C 
160°C 
180°C 
180°C 



For a fuller understanding of the nature and 
advantages of this invention, reference may be had 
to the following examples. These examples are 
given merely to illustrate the invention and are not 
to be construed in a limiting sense. 

Example 1 

This example demonstrates testing of the PVC 
plastic materia! "A" by incorporating therein var- 
ious amounts of antistatic agents and then testing 
the modified PVC plastic materials for antistatic 
properties. PVC "A" was a PVC dispersion resin 
with intrinsic viscosity of 1.20, bulk density of about 
315-400 kg/nr, and particle size of 100% through 
200 mesh screen. The antistatic agents used were 



a homopolymer of epichlorohydrin. identified in Ta- 
ble I as "Homopolymer ECH" and a copolymer of 
epichlorohydrin, identified in Table I as "Copolymer 
ECH". Homopolymer ECH has Tg of -25°C, a 
chlorine content of about 37%, and Mooney viscos- 
ity of 90 (1 +4 @100°C). Copolymer ECH 65/35 is 
a copolymer of epichlorohydrin and ethylene oxide 
in respective weight ratio of 65/35. with a Tg of - 
42°C. chlorine content of 25%, and Mooney vis- 
cosity of 90 (1 +4 @ 100 o C).* 

The samples #1 to #5 were prepared by ini- 
tially adding the plastic material to the mixer and 
mixing it for one minute followed by addition of the 
antistatic agent, which was followed by additional 
mixing of two minutes. Processing aids were also 
admixed, where indicated. The soft plastic mass 
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was then removed and cold-pressed between 
chrome steel plates to a thickness of about 2 
millimeters until it was rigid. Testing was con- 
ducted with a Monroe #276A Statotester whereas 
other tests were run pursuant to the ASTM meth- s 
ods. Compositions of test samples and test results 
are summarized in Table I. below: 
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Examination of the results in Table I indicates 
the substantial improvement in static dissipation 
with an increase in the level of antistatic agents. It 
is also apparent that the improvement in the an- 
tistatic properties of the plastic materials is not 
accompanied by any significant loss of physical 
properties. 

Example 2 

This example demonstrates the incorporation 
of antistatic agents Hompolymer ECH and 
Copolymer ECH 65/35. referred to Ex. 1, and 
Copolymer ECH 20/80 into a chlorinated PVC. 
styrene-acrylonrtriie, and ABS plastic materials. 



70 



75 



Copolymer ECH 20/80 is a copolymer of epich- 
lorohydrin and ethylene oxide in the respective 
weight ratio of 20/80 having Tg of -52° C and chlo- 
rine content of 9.0%. The chlorinated PVC (CPVC) 
used had chlorine content of 67%, the sytrene- 
acrylonitrile (SAN) plastic material used was SAN 
880; and the ABS plastic material was a copolymer 
of acrylonitrile, butadiene, and styrene identified as 
Blendix 131. 

The samples of the thermoplastic materials, 
referred to above, were prepared by blending same 
with the antistatic polymeric agents and the sam- 
ples were then tested in the manner described in 
Ex. 1. Composition of the test samples and test 
results are given in Table II. 



TABLE II 



Samples 



CPVC 
SAN 880 
Blendix 131 
Copolymer ECH 65/3 5 
Copolymer ECH 20/80 



100 100 

100 " 
100 - 100 100 
— 7.0 10 10 

6.0 



Static- Tester 
Volts @ 15 sec. 
Volts @ 30 sec. 
Volts @ 60 sec. 



- 760 



320 695 525 



520 
360 
220 



1000 100 
1000 40 
1000 20 



Example 3 

This example demonstrates the use of a typical 
rigid pipe compound identified as "PVC Pipe Com- 
pound", having the properties described in Table 
III. 



The PVC plastic material was mixed with the 
electrostatic agents copolymer ECH 65/35 of Ex. 1 
and Copolymer ECH 50/50 and tested in the man- 
ner described in Ex. 1. Copolymer ECH 65/35 is 
defined in Ex. 1 whereas Copolymer ECH 50/50 is 
a 50/50 copolymer of epichlorohydrin and ethylene 
oxide. Composition of the samples and test results 
are given in Table III, below: 
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Example 4 

This example corresponds to Example 3 ex- 
cept a white, flexible PVC compound was used 
having the properties given in Table IV. Samples 1 
to 8 herein were mixed in a Banbury mixer by 
charging thereinto the masterbatch and the an- 
tistatic agent Stearic acid in amount of 0.75 parts 



per 100 parts of the PVC plastic was added after 
addition of the antistatic agent was made, to im- 
prove handling. Mixing was conducted until stock 
temperature reached 163°C. Then, the mixture was 
5 placed on 160°C rolls, mixed for 5 minutes and 
sheeted-off. There were no handling problems with 
any of these, compounds. 

Test results of the modified flexible PVC ma- 
teria] are given in Table IV, below: 
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Example 5 

This example demonstrates the importance 'of 
the amount of antistatic agent incorporated into 
ABS plastic material. Copolymer ECH 20/80 and 
ABS plastic materials are described in Example 2. 



The samples of ABS plastic materiaJs were pre- 
pared by blending same with the antistatic poly- 
meric agent and the samples were then tested in 
the manner described in Example 1. Composition 
of the test samples and test results are given in 
Table V. 



Samples . 


Table V 
1 2 


3 


4 


5 


Blendix 131 


60 


60 


60 


60 


60 


Calcium Stearate 


1 


1 


1 


1 


■ 1 


Copolymer ECH 20/80 


0 


1.5 


3 


6 


9 


Static Tester, one 


minute 


charge 








Initial Voltage 


1000 


1000 


1000 


1000 


500 b 


T-l/2, see 3 


c 


33 


9.0 


1.25 


1 



Time to 50% decay 

Could not be charged to 1000 volts 

Infinity, the voltage dropped to 950v in 5 minutes 

30 



Example 6 

This example demonstrates ihe incorporation of 
antistatic agents copolymer EBH, Copolymer ECH- 
PO 37/B3 and copolymer ECH-PO 23/77 into an 
ABS plastic materia! described in Example 2. 
Copolymer EBH is a copolymer of epibromohydrin 
and ethylene oxide in the respective weight ratio of 
15/85 having bromine content of 8.6 wt.%. 
Copolymers ECH-PO 37/63 and 23/77 are 



copolymers of epichlorohydrin and propylene oxide 
in the respective weight ratios of 37/63 and 23/77 
having respective chlorine contents of 14.3% and 
8.9% on weight basis. 

The samples of ABS plastic materials were 
prepared by blending same with the antistatic poly- 
meric agents and the sampies were then tested in 
the manner described in Example 1. Composition 
of the test samples and test results are given in 
Table VI. 
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Table VI 



Samples 
Blendix 131 


1 


2 


3 


4 


5 


60 


60 


60 


60 


60 


Calcium Stearate 


1 


1 


1 


1 


1 


Copolymer EBH 


0 


6 


0 


0 


0 


Copolymer ECH-PO 37/63 


0 


0 


6 


0 


0 


Copolymer ECH-PO 23/77 


0 


0 


0 


6 


0 


Homopolymer ECH 


0 


0 


0 


0 


6 


Static Tester - one minute 


charge 








Initial Voltage 


1000 


1000 


1000 


1000 


1000 


T-l/2, sec a 


b 


1.2 


70 


62 


129 



a Time to 50% .decay 

b Infinity, the voltage dropped to 950V in 5 minutes 



Example 7 

This example demonstrates the use of anti- 
static agents described herein in two commercial 
polyamide resins identified as Nylon Capron 5526 
and Nylon Capron 5556, and an epoxy resin with 
an EEW of 190. The polyamide resins are exam- 
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pies of thermoplastic materials whereas the epoxy 
resin is an example of thermosetting materials. The 
antistatic agent was Copolymer ECH 20/80, earlier 
identified as a 20-80 copolymer of epichlorohydrin 
and ethylene oxide. Composition of test samples 
and test results are summarized in Table VI! , be- 
low. 
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Claims 



1. Composition of matter comprising a plastic ma- 
terial and an effective amount of an antistatic agent 
selected from polymers of an epihalohydrin in an 
amount sufficient to improve antistatic properties of 
said composition. 

2. Composition of claim 1 wherein said antistatic 
polymer is selected from homopolymers of an epi- 
halohydrin and copolymers of an epihalohydrin with 
at least one other copolymerizable monomer, and 
said plastic material is selected from thermoplas- 
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tics and thermosets. 

3.. Composition of claim 2 wherein said antistatic 
copolymers are composed of 5 to 95 weight parts 
of an epihalohydrin and 95 to 5 weight parts of at 
least one other copolymerizable monomer, on a 
total of 100 weight parts basis of said copolymers.- 

4. Composition of claim 2 wherein said antistatic 
copolymers are composed of 10 to 60 weight parts 
epihalohydrin and 90 to 40 weight parts of at least 
one copolymerizable monomer, based on a total of 
1 00 weight parts of said copolymers. 

5. Composition of claim 3 wherein said 
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copolymerizable monomer is selected from al- 
kylene oxides of 2 to 6 carbon atoms and mixtures 
thereof, and amount of said antistatic agent is 1 to 
50 weight parts per 100 weight parts of said plastic 
material. 

6. Composition of claim 4 wherein said 
copolymerizable monomer is selected from eth- 
ylene oxide, propylene oxide, and mixtures thereof; 
and amount of said antistatic agent is 2 to 30 
weight parts of said plastic material. 

7. Composition of claim 5 wherein said plastic 
material is selected from ABS, polyvinyl chloride, 
chlorinated polyvinyl chloride, polyamide. polycar- 
bonate, polyester, epoxy, and phenolic materials. 

8. Composition of claim 6 wherein said plastic 
material is selected from ABS. polyvinyl chloride, 
chlorinated polyvinyl chloride, polyamide, polycar- 
bonate, polyester, epoxy. and phenolic materials. 

9. Composition of claim 5 wherein said plastic 
material is selected from ABS. chlorinated polyvinyl 
chloride, polyamide. polycarbonate, epoxy, and 
phenolic materials. 

10. Composition: of claim 9 wherein said antistatic 
polymer is in solid form and has number average 
molecular weight in excess of 30,000. 

11. Composition of claim 10 wherein said antistatic 
polymer has number average molecular weight in 
excess of about 60,000 and said epihalohydrin is 
selected from epichlorohydrin and epibromohydrin. 

12. Plastic material containing an effective amount 
of an antistatic agent sufficient to improve antistatic 
properties of said plastic material, said antistatic 
agent is selected from polymers of an epi- 
halohydrin. 

13. Plastic material of claim 12 wherein said an- 
tistatic agent is selected from homopolymers of an 
epihalohydrin and copolymers of an epihalohydrin 



with at least one other copolymerizable monomer, 
and said plastic materia! is selected from thermo- 
plastics and thermosets. 

5 14. Plastic material of claim 13 wherein said an- 
tistatic copolymers are composed of 5 to 95 weight 
parts of an epihalohydrin and 95 to 5 weight parts 
of at least one other copolymerizable monomer, on 
a total of 100 weight parts basis of said 

10 copolymers. 

15. Plastic material of claim 13 wherein said an- 
tistatic copolymers are composed of 10 to 60 
weight parts epihalohydrin and 90 to 40 weight 

75 parts of at least one copolymerizable monomer, 
based on a total of 100 weight parts of said 
copolymers. 

16. Plastic material of claim 14 wherein said 
20 copolymerizable monomer is selected from aJ- 

kylene oxides of 2 to 6 carbon atoms and mixtures 
thereof, and amount of said antistatic agent is 1 to 
50 weight parts per 1 00 weight parts of said plastic 
material. 

25 

17. Plastic material of claim 15 wherein said 
copolymerizable monomer is selected from eth- 

— ylene oxide, propylene oxide, and mixtures thereof; 
and amount of .said antistatic agent is 2 to 30 
30 weight parts of said plastic material. 

18. Plastic material of claim 6 wherein said plastic 
material is selected from ABS, chlorinated polyvinyl 
chloride, polyamide. polycarbonate, epoxy. and 

35 phenolic materials. 

19. Plastic material of claim 18 wherein said an- 
tistatic agent is in solid form and has number 
average molecular weight in excess of 30,000. 

40 

20. Plastic material of claim 19 wherein said an- 
tistatic agent has number average molecular weight 
in excess of about 60,000 and said epihalohydrin is 
selected from epichlorohydrin and epibromohydrin. 
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